Abstract -The molecular weight, amino acid composition and hydrophobicity of the peptide residue produced by hydrolysis of protein by two strains of Prevotella ruminicola (23 and S 17/3) were determined. These last two characteristics could play a role in the control of proteolysis. Both strains produced dipeptidyl peptidases (DAP-1) but only P. ruminicola 23 synthesised alanine aminopeptidase. The area of 3-5 kDa peptides decreased, while the peptides directly assimilable by bacteria (0.5-1 kDa and < 0.5 kDa) increased with strain S 17/3, but decreased with P. ruminicola 23 
de la protéolyse. Les deux souches produisent des dipeptidyl-peptidases (DAP-1) mais seule, P. ruminicola 23 synthétise de l'alanine aminopeptidase. L'analyse du poids moléculaire des peptides montre que la part de la fraction 2 à 3 kDa augmente au cours du temps alors que celle de la fraction 3 à 5 kDa diminue. Les fractions peptidiques directement assimilables par les bactéries (0.5 à 1 kDa et < à 0.5 kDa) augmentent avec la souche S17/3 et diminuent en présence de [17] . However, the factors that control the breakdown of proteins by rumen micro-organisms are not yet fully understood. For example, it has been suggested that peptides that are resistant to breakdown may be hydrophobic [6] .
Whereas Wallace et al. [29] showed that hydrophobic tetrapeptides are more rapidly hydrolysed than are hydrophilic peptides. According to Yang and Russell [35] , the presence of proline in synthetic peptides leads to slower hydrolysis, whereas other work has shown that the residual mixture of unhydrolysed peptides does not become enriched in proline during hydrolysis by an inoculum of rumen bacteria [10, 12] . Some studies indicate that high molecular weight peptides are incorporated into bacterial cells faster than small peptides or amino acids [7] , whereas others have shown that only small peptides can be transported by bacterial permeases [20] . The substrates used, the bacterial profile (that can vary with the food) and the analytical problems inherent in in vivo studies could give rise to these conflicting conclusions.
In order to minimise these problems, P. ruminicola, which plays a key roles in protein hydrolysis in the rumen [11, 12, 19, 28, 29] , was used in this study. The (Inra, Theix) . P. ruminicola S17/3 was isolated in our laboratory [9] . It was identified using the morphological and biochemical criteria described by Buchanan and Gibbons [4] and Holdeman et al. [14] . The strains were maintained in glucose-cellobiose-soluble starch medium [ 13] .
Incubation with peptides
The anaerobic culture techniques were similar to those described by Hungate [15] Dipeptidyl peptidases type I like activity (DAP-1 ) (EC 3.4.14.1) was determined using Gly-Arg-4-methoxy-2-naphthylamide (MNA) as fluorogenic substrate [27] . The incubation time was 6 h under anaerobic condition at 39 °C. MNA was assayed by fluorescence (excitation wavelength = 350 nm, emission wavelength = 420 nm). Aminopeptidase activities were measured on Ala-pNA and Leu-pNA as chromogenic substrates [27] . Incubation was for 4 h at 39 °C under anaerobic conditions. The pNA released was measured by diazotisation [1] . Gly-Arg-MNA, MNA, Leu-pNA, Ala-pNA, pNA and other peptides were from Sigma. [23] . This transport partly depends on the molecular weight of the substrate. Westlake and Mackie [33] [22] or 200-1 000 Da [18] and that peptides larger than four amino acids are used more efficiently than di-and tri-peptides or amino acids [21] . High molecular weight peptides can only be incorporated into bacterial cells after hydrolysis by enzymes. Consequently, the observed increase in the proportion of 2-3 kDa peptides was probably due to the hydrolysis of larger peptides (3) (4) (5) [7] , that high molecular weight peptides (45 amino acids) are incorporated into microbial cells faster than small peptides (seven amino acids), or those of Armstead and Ling [2] , that four fractions of 14 C-peptides (1 000-2 000, 500-1 000, 200-500, < 200) were all assimilated similarly by an inoculum of rumen bacteria.
The temporal changes in the peptide fractions assimilable by bacteria (0.5-1 kDa and < 0.5 kDa) showed that they depended on the bacterial strain. The increase of these peptide fractions when incubated with strain S17/3 agrees with the results of Wright [34] , who showed that peptides from a trypsin digest of Chlorella proteins labelled with 14 C were transformed into lower molecular weight compounds. Depardon et al. [11, 12] also showed that bacterial growth depended on the proportions of soya peptides and tryptone that were directly assimilable by the bacteria. However, incubation with P. ruminicola 23 produced no increase in small peptides.
The nature of the enzyme activities and the use of other nitrogen sources may explain the differences between the two strains. P. ruminicola can use both ammonia and peptides as a nitrogen source [21 ] . The great decrease in the ammonia concentration with P. ruminicola S17/3 shows that this compound provided much of the nitrogen required by this strain, leading to an accumulation of small peptides. In contrast, there was no peptide accumulation with strain 23. The enzyme activities could also provide an explanation. Both strains produced DAP-1 and neither had any leucine aminopeptidase activity, in agreement with McKain et al. [19] . But strain 23 had less DAP-1 activity than strain S17/3, so that more dipeptides could have been produced, leading to the accumulation of small peptides < 0.5 kDa. Other exopeptidases could also have hydrolysed the tryptone. Wallace et al. [32] recently showed that P. ruminicola produces four distinct dipeptidyl peptidases. [5] , who found evidence for a faster breakdown of hydrophilic peptides by P. ruminicola (B,4) . HPLC analyses have also shown that hydrophilic peptides are preferentially assimilated by rumen micro-organisms [6] , but some hydrophobic peptides were also found hydrolysed. Depardon et al. [11, 12] [31] .
This study and our previous findings [10, 12] indicate that the peptide residue is not enriched in proline. In this respect they disagree with the results of Wallace et al. [30] and Broderick et al. [3] , who found that proline (in C-terminal position) decreased the assimilation of dipeptides by rumen bacteria. Nevertheless, a peptide of any given amino acid composition is readily hydrolysed if the proline is in the N-terminal position [35] . For [30] showed that the tetrapeptide GlyHisArgPro was more readily hydrolysed than tetrapeptides which did not contain proline. Thus, the inhibiting effect no longer seems to operate for peptides containing more than two amino acids or when the proline is C-terminal. The inhibiting effect of proline therefore depends on structure and size of the peptide.
We used peptides of various sizes which were hydrolysed by various proteolytic enzymes acting together. The fact that a bacterium can transport peptides containing up to five amino acids across its cell wall [20, 33] , combined with the random nature of enzyme action, makes the production of dipeptides with proline in the C-terminal position unlikely. This may partly explain the differences from the other studies cited, which found that this amino acid was inhibitory.
These results show that the amino acid composition of peptides hydrolysed by P. ruminicola varied little with time. This is in contrast to the in vivo findings in the rumen [31] or in vitro experiments [35] [ 12] . Although P. ruminicola is considered to be one of the most important proteolytic bacteria in the rumen its activity cannot alone explain the breakdown of peptides in the rumen. A better understanding of the processes at work could be obtained by using mixed cultures, combining P. ruminicola with other proteolytic bacteria.
